19j8; Zeigler, Leach, Xorris tk Scott, 1961) . Summarizing these rcports, it can be stated that, for chicks given casein or egg-white as a protein source, a basal dietary Zn level of 10 parts/IoG was found to be adequate, whereas 30-35 parts/Io6 were required to obtain maximum growth when ISP was used as the source of protein. Fox & Warrison (1964) found that a dietary levcl of 10 parts/Io6 Zn was inadequate for quail fed on diets containing ISP. From the work of Kratzer, Allred, Davis, Marshall & Vohra (1959) it was deduced that ISP possessed a specific factor or factors which rendered some of the dietary Zn unavailable to the animal.
Zn is a functional component of several enzyme systems and many studies have been made on enzyme activity in Zn-deficient animals. Hsu, Anilane & Scanlan (1966) found a lower carboxypeptidase activity in Zn-deficient rats when compared with controls, suggesting a possible depressive effect of low dietary level of Zn on protein digestion.
I n view of the known interference of ISP with Zn utilization and the involvement of Zn in enzyme systems, a study was made of the possible effects of the dietary levels of available Zn on protein utilization using both chicks and Japanese quail (Coturnix coturnix japmica). Net protein utilization (NPU) was determined in chicks (Expt I) and in quail (Expt z), and true digestibility was determined in chicks (Expt 3).
E X P E R I M E N T A L
Procedure The birds were kcpt in stainless-steel batteries and they were given distilled water in glass bottles. Chicks were fed from stainless-steel hoppers and quail from Perspex feeders with expanded stainless-steel covers. At the start of the experiments the birds were weighed, birds of extreme weight were eliminated, and the remainder were randomized, after stratification on the basis of weight and weight gain, into experimental groups.
There were, for each treatment, two replicates of four chicks per cage in Expt I , three of one chick per cage in Expt 3 and five of five quail per cage in Expt 2. The birds in Expts I and 3 were Arbor Acre cockerels (Arbor Acre Farms, Nipoma, California) and thosc in Expt 2 were Japanese quail from the stock of this Department. All were given a standard diet from I d of age until the start of the experiment, when they were T O d old in Expt I , 7 d old in Expt z and 42 d old in Expt 3.
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Diets The composition of the basal diets is given in Table I . Reagent-grade salts were uscd throughout. Thc calcium level of the basal diets (1.6 and 1.7 yo for chicks and quail respectively) was higher than normal, with the aim of reducing Zn availability.
The supplements given in Tables 2-4 were added to the protein-free diet at the expense of maize starch in Expts I and 3, and of glucose in Expt 2.
NPU determination
T o determine NPU, a group of birds was starved for 6 h and killed by dislocation of the neck at the start of the experiment; the remaining chicks were killed on the 21st day after I I d on experiment and the quail on the 14th day after 7 d on experiment, again after being starved. Both lots of birds were immediately deep-frozcn pending carcass analysis. The chicks for Expt I were passed through a meat-mincing machine in a deep-frozen state (with precautions to minimize water losses) and portions of the minced carcass were taken for nitrogen determination. The quail were analysed for N by digestion of the whole carcass. NPU was calculated from formula ' 3 ' of Bender & Doell (1957) (see also Atkinson & Carpenter, 1970) :
Measurement of true digestibility of N The cloaca1 openings of the chicks for Expt 3 were separated according to the procedure of Newberne, Laerdal & O'Dell (1957) , but the faeces were collected from a tray underneath the mesh floor of the cage and not in a balloon. After a postoperative recovery period of 3-4 d, collections of excreta were made every z h from 08.00 to 18.00 h. As chromic oxide was used as an inert marker, a total collection was unnecessary. Excreta were deep-frozen before drying under reduced pressure for analysis. True digestibility of N was calculated as follows: 
Analytical methods
Zn was determined by atomic absorption spectroscopy after digestion with a mixture of perchloric and nitric acids (Anonymous, 1966) . Chromium was determined by an unpublished modification(C. K. Milner, private communication) of the procedure of Czarnocki, Sibbald & Evans (1961) . N was determined as ammonia after micro-or macro-digestion with concentrated sulphuric acid according to the Kjeldahl procedure (Association of Official Agricultural Chemists, I 960). A semi-micro distillation into boric acid solution was used for determination of ammonia (Ma & Zuazaga, 1942 Standard error of means.
R E S U L T S
The NPU results for Expt I are given in Table 2 . The chicks in one of the diet G cages ate little and grew slowly for no apparent reason, but this did not significantly alter the NPU value. Addition of supplementary Zn (as ZnO) or addition of Na,EDTA to the diet caused an increase in the NPU values obtained for both the ISP, and casein and gelatin mixture. With ISP in the diet the birds given the supplemented diets (C and D) grew better than those fed on the unsupplemented diet B. With the casein and gelatin mixture, growth on the supplemented diets (F and G) was poorer than on the unsupplemented diet E, but the food consumed was utilized more efficiently.
The net effect in both instances was an increase in NPU by Zn or Na,EDTA supplementation.
Preliminary experiments with quail given diets with a high content of unwashed ISP failed to reveal a significant difference between m u values whether or not the diets were supplemented with Zn. For this reason the ISP was washed with EDTA in order to reduce its content of Zn. The NPU obtained for washed ISP in a low-Zn diet was significantly lower than the values obtained for the same preparation supplemented with Zn or for an unwashed preparation ( Table 3) .
The results of the digestibility determinations are summarized in Table 4 . Chicks in the protein-free group excreted 0.25 g N/IOO g diet eaten and this value was used as an estimate of metabolic N. It was subtracted from the corresponding N excretion value for chicks receiving ISP-supplemented diets to provide estimates of the 'true' digestibility of the protein N. From Table 4 it can be seen that addition of supplementary Zn or Na,EDTA to the control diet increased the true digestibility of the N of the ISP.
D I S C U S S I O N
The results obtained for NPU are similar to those reported by Summers & Fisher (1961) for chicks. These authors found values for ISP of 66.9 when included in Zn-supplemented diets at a protein level of 13 % and 47.9 at a 26 yo protein level. Summers & Fisher (1962) found values of 41.8 for casein and 22.4 for gelatin when included at a 13 % protein level in the same basal diet. Their value for casein is lower than the value of 60.0 reported for rats by Miller & Bender (1955) . It is interesting to note that the NPU value for a casein and gelatin mixture supplemented with methionine, found in the experiment reported here, is higher than the value for casein alone reported above.
With chicks the effect of Zn on NPU has been demonstrated at a protein level below requirement (National Research Council, 1971), whereas with quail the protein level used was above that found by Gropp & Zucker (1968) (1969) , who found poorer utilization of soya-bean protein, as judged by growth rate in rats, when supplementary Zn was omitted.
In view of the results reported here and those of other workers, it may be necessary to reconsider some of the values obtained in the early work on protein quality, especially those for plant proteins. Possible interactions of Zn and protein metabolism may also have to be considered when approaching problems of protein malnutrition and its treatment in human beings.
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